Introduction {#S0001}
============

Even with the wide adoption of cervical cancer screening and the advent of human papillomavirus (HPV) vaccination, cervical cancer still poses a major risk for women worldwide, especially in developing countries.[@CIT0001] In China, about 87,982 new cases were diagnosed annually, and 23,375 patients died annually from this disease.[@CIT0002] The optimal treatment of cervical cancer depends in large part on the accuracy of clinical staging at presentation. In addition, clinical staging plays a fundamental role in cancer research, such as design of clinical trials or evaluation of treatment outcomes.[@CIT0003]

Previously, clinical staging of cervical cancer relied on pelvic examination and several other simple radiologic examinations according to the International Federation of Gynecology and Obstetrics (FIGO).[@CIT0004] The accuracy of clinical staging was reported to range between 47% and 83.2% in cervical cancer.[@CIT0005],[@CIT0006] In 2018, clinical staging of cervical cancer underwent a major revision by FIGO. Radiologic examinations such as magnetic resonance imaging (MRI) are allowed to be combined into clinical staging where available.[@CIT0007] Because of the high soft tissue resolution and increasing availability, application of MRI in clinical staging is expected to become common practice in future.

However, the impact of MRI on clinical staging in routine practice is still unclear. Although most previous studies have demonstrated that MRI could significantly improve the accuracy of clinical staging, these studies are mainly single institutional studies with limited sample size, or prospective studies with dedicated radiologists.[@CIT0008]--[@CIT0011] Hricak et al reported in a multicenter prospective study that the staging accuracy of MRI was significantly lower than prior single center studies.[@CIT0010] Hancke et al retrospectively analyzed 255 cervical cancer patients with primary surgical treatment and reported that the efficacy of MRI was lower than pelvic examination for pretreatment staging.[@CIT0012] Unless the incremental role of MRI can be confirmed in a multicenter study with the setting of routine practice, routine application of MRI in staging cervical cancer cannot be justified.

Therefore, the current study was performed and the purpose of this multicenter study was to evaluate the impact of MRI on overall staging of IB1--IIA2 cervical cancer in routine practice. Furthermore, the impact of MRI on the accuracy of individual staging parameters were also evaluated.

Patients and methods {#S0001-S2001}
--------------------

After receiving approvals from the Institutional Review Board of Nanfang hospital and all other participating hospitals, medical records of patients with cervical cancer who were treated between January 2009 and December 2015 in 13 tertiary hospitals around China were retrospectively reviewed. All relevant data on clinical stage, MRI reports, and surgicopathologic findings were extracted from the patients' original medical records by trained staff in our research team. Patient data were anonymized and de-identified prior to analysis. Therefore, individual consent was not necessary. Inclusion criteria were as follows: (1) pathologically diagnosed cervical cancer; (2) FIGO clinical stage IB1--IIA2; (3) primary surgery including type II or III radical hysterectomy plus bilateral pelvic lymphadenectomy and/or para-aortic lymphadenectomy; (4) MRI was performed within 2 weeks before operation. Patients with preoperative chemotherapy or radiotherapy were excluded to obviate the influence on pathologic examination. Moreover, patients with cone biopsy were also excluded because it is difficult to differentiate small cervical tumors from artifacts appearing on MRI from post-biopsy changes.[@CIT0013] Consequently, 1,016 eligible patients were included in the final analysis.

All patients were clinically staged according to the 2009 FIGO staging criteria.[@CIT0004] The impact of MRI on clinical staging was assessed by comparing original clinical stage with MRI modified clinical stage. The MRI modified clinical stage was formed based on original clinical stage and MRI reports according to the following rules. For maximal tumor diameter, the finding in the MRI report was allowed to revise the original clinical stage. For other staging parameters such as parametrial infiltration or vaginal involvement, positive findings in the MRI report were allowed to revise the original clinical stage, while negative findings in the MRI report were not allowed to restage the patient.

Based on surgicopathologic findings, surgical stage was formed according to the same FIGO staging criteria.[@CIT0004] Maximal tumor diameter was determined by measurements in the surgical record or the pathological report. Other parameters such as vaginal involvement or parametrial infiltration were determined by the pathological report. Using surgicopathologic stage as the reference standard, the impact of MRI on the accuracy of clinical staging was evaluated. Moreover, the accuracy of individual staging parameters such as maximal tumor diameter, vaginal invasion and parametrium infiltration were also evaluated using surgicopathologic findings as reference. Maximal tumor diameter was categorized as ≦4 cm or \>4 cm. Parametrial infiltration was defined as direct tumor infiltration or nodal spread through the lymphatic or vascular systems.[@CIT0014]

Statistical analyses {#S0001-S2002}
--------------------

Quantitative data were presented as means with standard deviations. Qualitative data were given as absolute and percentages. The sensitivity, specificity, and predictive values for staging parameters were calculated. Receiver operating characteristic (ROC) curve analyses were conducted to assess the performance of clinical staging with and without MRI combination. The area under the curve (AUC) above 0.90 is considered to be of high diagnostic value, 0.70--0.90 is of moderate diagnostic value, and less than 0.70 is of poor diagnostic value.[@CIT0015]

All analyses were performed using IBM SPSS Statistics 21.0 (IBM Corporation, Armonk, NY, USA ). A two-sided *P*-value ＜0.05 is considered as significant.

Results {#S0002}
=======

Patient characteristics {#S0002-S2001}
-----------------------

A summary of the clinicopathological characteristics of the included 1,016 patients with stage IB1--IIA2 cervical cancer is provided in [Table 1](#T0001){ref-type="table"}. The mean age of the patients was 48.68±10.18 years. With regard to pathologic type, squamous cell carcinoma was most prevalent (89.3%, 907), followed by adenocarcinoma (8.7%, 88), adenosquamous carcinoma (1.1%, 11) and others (1.0%, 10). Of the 1,016 patients, 81 (8.0%) patients had highly differentiated carcinoma, 536 (52.8%) patients had moderately differentiated carcinoma, 192 (18.9%) patients had poorly differentiated carcinoma, and 207 (20.4%) patients did not have a specified grade.Table 1Clinicopathological characteristics of study population (N=1,016)Patients' characteristicsN (%)Age, mean (SD)48.68±10.18BMI, mean (SD)24.0±3.3Histological type Squamous907（89.3） Adenocarcinoma88（8.7） Adenosquamous11（1.1） Others10（1.0）Histological grade High differentiation81（8.0） Moderate differentiation536（52.8） Poor differentiation192（18.9） Unspecified207（20.4）Clinical stage IB1681（67.0） IB251（5.0） IIA1267（26.3） IIA217（1.7）Type of surgery Type II radical hysterectomy41（4.0） Type III radical hysterectomy975（96.0）Extent of lymphadenectomy Pelvic940（92.5） Pelvic plus para-aortal63（6.2） None13（1.3）[^1]

Type III radical hysterectomy was the main type of surgery (96.0%, 975). Type II radical hysterectomy was performed on 41 patients (4.0%). As for lymphadenectomy, 940 (92.5%) patients underwent pelvic lymphadenectomy, 63 (6.2%) patients underwent both pelvic and para-aortal lymphadenectomy, and 13 (1.3%) patients did not receive lymphadenectomy.

The findings of MRI and its impact on clinical staging {#S0002-S2002}
------------------------------------------------------

[Table 2](#T0002){ref-type="table"} demonstrates the findings of pelvic MRI. No positive findings were found in 59 patients (5.8%). Meanwhile, the positive findings can be categorized as visible lesion in cervical stroma, vaginal invasion, parametrium infiltration or pelvic lymph node metastases. The incidence were 94.2%, 12.1%, 5.0% and 7.4%, respectively.Table 2The findings of MRI in 1,016 patients with cervical cancerFindingsN%No positive595.8Visible lesion in cervical stroma95794.2Vaginal invasion12312.1Parametrium infiltration515.0Pelvic lymph node metastases757.4[^2]

After combination of MRI, 607 (59.7%) cases remained unchanged, 175 (17.2%) cases were upstaged, while 234 (23.0%) cases were downstaged ([Table 3](#T0003){ref-type="table"}).Table 3The impact of MRI on clinical stageClinical stageMRI combined clinical stageStage comparison N (%)IB1IB2IIA1IIA2IIBIIIBIVASame stageUpstagingUnderstagingIB1545554472622545（80.0）136（20.0）0IB217173760117(33.3)17（33.3）17(33.3）IIA117828413141241（15.4）20（7.0）206（77.6）IIA256042004（23.5）2（11.8）11（64.7）Total\-\-\-\-\-\--607（59.7）175（17.2）234（23.0）[^3]

Impact of MRI combination on the accuracy of clinical staging {#S0002-S2003}
-------------------------------------------------------------

Using surgicopathologic stage as the reference standard, the overall accuracy of clinical staging increased from 61.0% to 81.4%, the rate of upstaging decreased from 27.7% to 11.9%, while the rate of downstaging decreased from 11.3% to 6.8% after combination of MRI ([Table 4](#T0004){ref-type="table"}). Except in stage IIA2, the combination of MRI increased the accuracy of clinical staging in all other stages.Table 4The impact of MRI on the overall accuracy of clinical stagingClinical stage N (%)MRI combined clinical stage N (%)Same stageUpstagedDownstagedSame stageUpstagedDownstagedIB1585 (85.9)0 (0)96 (14.1)690 (92.6)0 (0)55 (7.4)IB221 (41.2)23 (45.1)7 (13.7)84 (79.2)15 (14.2)7 (6.6)IIA111（4.1）244（91.4）12（4.5）5（5.7）80（90.9）3 (3.4)IIA23（17.6）14（82.4）0（0）2（9.5）19（90.5）0（0）Total620 (61.0)281 (27.7)115 (11.3)781 (81.4)114 (11.9)65 (6.8)[^4]

[Table 5](#T0005){ref-type="table"} shows the impact of MRI combination on the accuracy of staging parameters. As for maximal tumor diameter, the AUC of clinical staging increased from 0.58 to 0.81 (*P*\<0.05). However, for vaginal invasion, the AUC of clinical staging decreased from 0.61 to 0.57 (*P*\>0.05). For parametrial infiltration, the AUC were only 0.56, while sensitivity and specificity were 16.7% and 95.3%, respectively.Table 5The impact of MRI on the individual staging parameters (95%CI)AUC (95%CI)Sensitivity (95%CI)Specificity (95%CI)PPV (95%CI)NPV (95%CI)Maximal tumor diameterWithout MRI0.58 (0.55--0.62)21.0% (14.9--28.2)95.9% (94.4--97.2)48.5% (36.2--61.0)86.9%(84.6--89.0)With MRI0.81 (0.78--0.83)65.0% (57.0--72.4)96.5% (95.1--97.6)77.3% (69.2--84.1)93.8% (92.0--95.3)Vaginal invasionWithout MRI0.61 (0.58--0.64)48.7% (32.4--65.2)72.9% (70.0--75.6)6.7% (4.1--10.3)97.3% (95.8--98.3)With MRI0.57 (0.54--0.60)25.6% (13.0--42.1)88.4% (86.3--90.4)8.1% (4.0--14.4)96.8% (95.4--97.8)Parametrium infiltrationMRI0.56 (0.53--0.59)16.7% (4.7--37.4)95.3% (93.8--96.5)7.8% (2.2--18.9)97.9% (96.8--98.7)[^5]

Discussion {#S0003}
==========

As a safe, repeatable, and non-radiating imaging technique, MRI is becoming preferred in the pretreatment staging of early stage cervical cancer. Our multicenter study demonstrated that MRI could significantly increase the accuracy of clinical staging even in routine clinical practice. The overall accuracy of clinical staging increased from 61.0% to 81.4% after combination of MRI in our study.

Our results are in accordance with most of the previous studies. A prospective study by Bourgioti et al reported that the AUC of clinical staging increased significantly from 0.59 to 0.84 after combination of MRI[@CIT0008] Another study by Kraljevic et al showed that MRI was better than clinical examination in staging of cervical carcinoma with 90.9% versus 79.0% accuracy rate.[@CIT0016] Contrary to these studies, Hancke et al reported that the accuracy of pelvic examination is higher than MRI (75% vs 58%). However, the accuracy of clinical staging was solely based on parametrial infiltration in their study. Therefore, instead of the overall accuracy of clinical staging, their results only reflect the accuracy of clinical staging for parametrial infiltration.

Although MRI could improve the overall accuracy of clinical staging, the improvement is not equal in each clinical stage. In our study, the accuracy of stage IB1 and IB2 increase from 85.9% and 41.2% to 92.6% and 79.2%, respectively. However, in stage IIA1, the accuracy only increased from 4.1% to 5.7%, and in stage IIA2, the accuracy even decreased from 17.6% to 9.5%. The unequal impact of MRI on each clinical stage stems from the heterogeneous effect of MRI on individual staging parameters. Therefore, the impact of MRI on each staging parameter was further discussed.

Maximal tumor diameter is a major staging parameter with significant impact on treatment planning and prognosis. Traditionally it is determined by pelvic examination with accuracy ranging between 64% and 68%.[@CIT0017],[@CIT0018] In exotic growth type, tumor diameter can be easily determined by pelvic examination. However, it is difficult to determine in endophytic growth type. Yang et al reported that the accuracy of stage IB2 by pelvic examination was 22% and 88% in endogenous type and exogenous type, respectively.[@CIT0006]

Because of its high soft tissue resolution, MRI can delineate the contour of tumor clearly in a three-dimensional way.[@CIT0006],[@CIT0019] Measurement of tumor size using MRI has proven to be more accurate than pelvic examination.[@CIT0020],[@CIT0021] Epstein et al evaluated 128 cases of stage IA2--IIA cervical cancer patients with surgical treatment, and found that the accuracy of MRI in determining tumor diameter (\>4 cm) is 93%.[@CIT0022] In our study, we found that the AUC of clinical staging for maximal tumor diameter increased from 0.58 to 0.81 after combination of MRI. Therefore MRI could significantly improve the accuracy of clinical staging in determining maximal tumor diameter.

Because of the unique anatomic location, pelvic examination has been thought to be of high accuracy in determining vaginal involvement.[@CIT0023],[@CIT0024] Contrary to this common belief, our study demonstrated that the AUC for vaginal invasion by pelvic examination was only 0.61, while the sensitivity and specificity were 48.7% and 72.9% respectively. Meanwhile, the efficacy of MRI was also suboptimal. The AUC of clinical staging after combination of MRI was only 0.57, while the sensitivity and specificity were 25.6% and 88.4% respectively. Both pelvic examination and MRI have lower accuracy than previous studies.[@CIT0005],[@CIT0008],[@CIT0025]--[@CIT0027]

The possible explanations for the low accuracy in determining vaginal involvement by pelvic examination are as follows. First, the mean age of the patients in our study was 48.68±10.18, which implies that a significant portion of patients were in menopause or postmenopause. The atrophied cervix in these patients makes the diagnosis of vaginal involvement difficult. Second, in case of suspicion, the treating physicians in China have a tendency to classify it as positive for concern of underestimation. In another retrospective study from China,[@CIT0028] the accuracy of stage IIA was reported to be as low as 35.3%, which also supports this assumption.

Vaginal invasion is detected when the normal low signal intensity of the vaginal wall was replaced by the high signal intensity tumor in MRI images. However, the distinction between vagina and cervix is difficult to discern in early stage cervical cancer. Exophytic tumors may expand the vaginal fornix and stretch the vaginal wall without invading it. The stretched and thin vaginal fornix may be difficult to recognize as intact, even though it is not disrupted by tumor.[@CIT0026],[@CIT0027] The use of vaginal gel in MRI scan was reported to allow a more accurate definition of vaginal fornix on MRI images.[@CIT0029]

Parametrial infiltration is not only important in clinical staging, but also the shunting point of treatment modality.[@CIT0030] The radiological criteria for parametrial infiltration is based on the breach or disruption of the hypointense cervical stromal ring with nodular or irregular tumor signal intensity extending to the parametrium on T2-weighted MRI. A wide range of accuracy have been reported for the detection of parametrial infiltration by MRI.[@CIT0031] Bourgioti et al prospectively evaluated 115 patients with cervical cancer, and found that the addition of MRI to the clinical assessment increased the accuracy in determining parametrial infiltration. The AUC increased from 0.64 to 0.88, while the sensitivity and specificity were 73.33% and 92.50% respectively.[@CIT0008] However, Yang et al reported that the accuracy of MRI for parametrial infiltration was not reliable. There were many false-positive (14.9%) or false-negative (7.9%) cases.[@CIT0032]

The wide range of detecting parametrial infiltration reflects the fact that high level of both equipment and reading skill are needed in determining this parameter. The diagnostic performance of MRI is reported to be subjected to many factors such as MRI device, scanning protocols and the experience of radiologists. Woo et al reported that using 3-T scanners and diffusion-weighted imaging (DWI) may improve diagnostic performance.[@CIT0033] DWI can provide functional information about water mobility, tissue cellularity, and the integrity of the cellular membranes. Combined with T2-weighted imaging, DWI can improve the diagnostic performance in detecting parametrial infiltration.[@CIT0034] The pooled sensitivity and specificity were higher in studies that used DWI than in those that did not (0.82 vs 0.72 for sensitivity; and 0.97 vs 0.91 for specificity; *P*\<0.010).[@CIT0033]

In our study, the AUC for parametrial infiltration was only 0.56, and the sensitivity was 16.7%. One possible explanation for the poorer performance of MRI is that parametrial infiltration has already been excluded from the study population by pelvic examination. Therefore parametrial infiltration in our study was more likely early or even micro-infiltration, which is less likely to be detected by MRI. Second, data were extracted retrospectively from medical records. Without dedicated radiologists with special interest and expertise for gynecological oncology, both implementation of the examination and interpretation of the images may be affected correspondingly. The high accuracy reported by previous studies might be the result of the use of more experienced and highly specialized radiologists, technically more advanced equipment and scanning protocols that are not universally available.

Our study has the following limitations. First, selection bias could be inherent given the study's retrospective nature. MRI may be done mainly on patients whose pelvic examination was doubtful especially in the early period. Second, the potential impact of various imaging protocols, forms of MRI machine and experience of radiologist had not been evaluated. Third, the MRI report in the medical records was used and central review was not performed. More positive findings may be found if central review were performed.

With the above-mentioned limitations, our study has the merit of better reflecting the real situation in routine clinical practice. We did not reevaluate MRIs or pathologic specimens, and we relied on the original radiologic or pathologic reports for data analysis. Our study revealed the significant difference in the efficacy of MRI between routine practice and clinical trials. Therefore establishing a general protocol and enhancing the quality control of MRIs across different institutions are imperative.

In conclusion, our study demonstrated that MRI could improve the overall accuracy of clinical staging in early cervical cancer even in routine clinical practice. For staging parameters, it only significantly increases the accuracy of clinical staging for maximal tumor diameter.
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[^1]: **Abbreviation:** BMI, body mass index.

[^2]: **Abbreviaton:** MRI, magnetic resonance imaging.

[^3]: **Abbreviation:** MRI, magnetic resonance imaging.

[^4]: **Abbreviation:** MRI, magnetic resonance imaging.

[^5]: **Abbreviations:** MRI, magnetic resonance imaging; PPV, positive predictive value; NPV, negative predictive value.
